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Energy Solutions Are Enormously
Challenging
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How Big is the Challenge?

20TW < Advanced technologies
- must help fill this gap
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Source: Arvizu, NREL 'I:}'!HE‘_ National Renewable Energy Laboratory




Thinking Differently:
Account for Externalities

NYMEX Crude Qil Futures
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Today’s energy marketplace ..
does not appropriately
“value” certain public
objectives or social goods,
Instead we have:

$ / Barrel

50
le‘IIO:ﬂZOQE» 03/06/2006 05/04/2006 OT/0G/2006 0905/2006 110272006 01/05/2007

02/02/2006 04/04/2006 06/05/2006 08/04/2006 10/04/2006 12/05/2006

. Price Volatility Jan 3, 2006 - Feb 1, 2007 mmﬁ::,'.::iz“;lmy
. . NYMEX Henry-Hub Natural Gas - 12 previous months
— Serious environmental
Impacts
— Underinvestment in energy |
innovation :
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http://www.wtrg.com/daily/clfclose.gif

Mounting Evidence...
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Declining Energy R&D Investments...
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U.S. R&D Spending in the Energy Sector
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Source: Daniel Kammen, Gregory Nemet Reversing the Incredible, Shrinking Energy R&D Budget htip://rael.berkeley.edu/files/2005/Kammen-Nemet-ShrinkingRD-2005.pdf
Table 10.3, Edition 25, Transportation Energy Data Book htip://cta.ornl.gov/data/chapter10.shtml
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http://cta.ornl.gov/data/chapter10.shtml

Declining Energy R&D Investments...
Reflect World Oil Price Movement
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Global Markets are Growing Rapidly

Global Growth of Wind Energy Capacity
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Getting to “Significance” Involves...

Technologies

Mobilizing
Capital

Policies

Source: NREL oo




Setting the Bar Higher

 U.S. National goals

— Biofuels: reduce gasoline usage by 20% in ten
years

— Wind: 20% of total provided energy by 2030

— Solar: Be market competitive by 2015 for PV and
2020 for CSP

« Challenge goals

— 25% of nation’s energy supply from renewable
sources by 2025

— Others...
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State Policy Framework
Renewable Electricity Standards

Vermont:
Washington: 15% Montana: 15% by 2015 Minnesota: 25% by 2025  lllinois: 8% by 2013 GOAL | RE meets load

by 2020 (Xcel: 30% by 2020) New York growth by 2012
- GOAL

24% by 2013

lowa: 105 MW Wisconsin:

S 10% by 2015 GOAL
I ® ‘ 10% by 2017
- .
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Maine:
30% by 2000

’ MA: 4% by 2009
" ( + 1% annual increase
RI: 15% by 2020
NY: 24% by 2013
CT:10% by 2010
NJ: 22.5% by 2021
MD: 7.5% by 2019
DE: 10% by 2019

DC: 11% by 2022
PA: 18% by 2020

Nevada: 20%
by 2015

California:
20% by 2010

Arizona;
15% by 2025

New Mexico:

109% by 2011 Texas:

5,880 MW by 2015
® .

o & Colorado: 10% by 2015

G T 23 States + District of Columbia

(9, Q Hawaii: 20% by 2020 Minimum solar or customer-sited requirement
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National Resources

Wind Resource




Money Is Flowing Into the Sector

2006 Investment and M&A — By Sector and Asset Class

wind [ I 120 30
giofuets [N B o0
i Figures in brackets represent total
Biomass & Waste I:- $7.6bn (118) number of deals. 2006 figure is annualized.

M VC/PE M PublicMarkets [ Asset Financings B M&A

Annual VC Investment Volume — 2001-2004 Compared With 2005-2006

. $15.8m
Wind $29.2m

. $123.3m
o —
342.3
Solar - $72.7m 5 :

- $22.5m Figure is the average of all VC deals
Biomass & Waste $35.1m sector over the set period.

Source: New Energy Finance 2007 1] ﬁverage 2001-2004 W Average 2005 -2006



Investment and M&A
By Region and Asset Class — 2006

EMEA

AMER

ASOC §7.7bn (146)

"

Figures in brackets represent total number
of deals. 2006 figure is annualized.

B VC/PE M PublicMarkets [J Asset Financings M M&A
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Source: New Energy Finance 2007 *. 3"?:'— National Renewable Energy Laboratory
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Total Estimated VC Investment by Region
2001-2006

Figures in brackets represent deals (with (72/78)
disclosed value/total number of deals). 2006
figure is annualized.

$787m
(77/98)

$599m
(80/92)

5439m

(32/40) 5417m

(58/68)

$295m
(35/46)

$298m
(35/42)

$262m
(30/50)

$153m
(26/31) $92m

$145m
(22/26)

$126m $120m

(24/38) $25m

2001 2002 2003 2004 2005 2006
B AMER B EMEA [0 ASOC

Source: New Enel’gy Finance: January 2007 ":;E’N?EI_ National Renewable Energy Laboratory
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Technology Innovation Challenges
The Next Generation

« Wind Turbines

— Improve energy capture by 30%
— Decrease costs by 25%

« Solar Systems

— Improved performance through, new
materials, lower cost manufacturing
processes, concentration

— Nanostructures

* Biofuels
— New feedstocks
— Integrated biorefineries
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Wind and Marine Energy R&D

R&D Efforts Deployment

Concept Prototype KW MW cw KeyTechnology  Attributes
Study Testing Scale Scale Scale Drivers
¢ | . = | - Cost/wn « Increased area of use
Utility Wind +Tansnision + Lower cost
(land-based) _ :Perllflirllz:l;ﬁiting
; + Permitting » Becomes mst-:u:‘npetet'we
uﬁ“ﬂ m“d i :EI:::&I'IIF ‘Immaﬁﬂ use
(bottom mounted) « Cost/kWh
» Capitol Cost + Improved cost & reliability
. . = Cost/kWh - Wide spread use
Distributed Wind ~ Reliability
(communities-residences) - Permitting
« Survivabili N tion for
oy |t
Marine Energy* i *Out of sight
(wave, tidal, current) e — — | = B
= Feasablty +Newenergy opion with
ﬂffshpreWir!d : . :[gsr:}:wﬁnf acility out of site
(floating turbines) _ | - Reliability
e Aceess
= Permitting
Organizations Leading the R&D
B industry Leaders with Government Support [Il] Government Laboratory Contactors
[] Goverment-Industry Partnership [ Academia & Small Startups *Nota DOE Program
Source: NREL 2007 4'3*"'\'5'— National Renewable Energy Laboratory




Geothermal R&D

Technology Maturity

High  Key Drivers
.

Attributes

Enhanced Geothermal Systems _

ﬂrganhatlnmlaadhgﬂn -
B Hvacindustry [_] industry, Academia, DOE
B ndusty [ Dok, Academia, Industry

Education, codes
and standards to
encourage use

Sustainable reduction in life
cycle costs and enerqgy use
for heating and cooling

Education, outreach

Reduction on fossil fuel use

Mew explorations

Significant expansion of

techniques and resource and risk reduction
tools for up to 5% of US.
electricity production
Advanced reservoir Less than 10% of national
engineering, new electricity production via
drilling paradigm, geothermal applications
better power cycles across the country could
power a hydrogen economy
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Photovoltaics R&D

Technology Maturity

Low High KeyDrivers  Attributes
L 2 ¢ -
Technology based on Proven manufacturing,

. ' : abundant, well-known solar conversion efficien-
First Generation PV: semiconductor material also | cies, and long-term
(rystallin e Silicon : used by electronics industry | durability in the field

S = - Need for lower semiconduc- | Building integration of

} p— _ = tor materials usage and thin-flm products (flexible
Second Generation PV: ‘ = | lowermanufacturingcosts | or semitransparent);
Thin Films & Concentrators i large-scale central power

i - systems (concentrators)
I 'w | Need for a very high solar Potential for discovery of
Third Generation PV: W conversion efficiencies new materials and new
cti s ' : and/or very low costs physical processes for
: ﬂrganitfPIasuc, Nanostr e 3':_'""' ' sunlight to electricity
— N 5 , j ' conversion
‘ : ___/ -x:__;ff-‘“»\_\ -~ I““
Organizations Leading the R&D
B Lab/academia
. Industry
Source: NREL 2007 *::E’N?EI_ National Renewable Energy Laboratory




Deployment Scale

Concentrating Solar Power R&D

Market

Peaking Intermediate gase Key Technology Attributes
Load Load Drivers
* L 4 , , -
1 -H.S.mlanufa:tunn of +Enstrguﬂmnth;nughhclnmpmlmn
= | critical components « (st reductions through leamin
E () Solar-Only/Hybrid Parabolic . Pant capacity Ll
2 || Troughs +Deployment
'g . Euﬂ hn}l_sl:lmrna:%wrage . :ing “‘“,f;{" value for intermediate
= Establi rmance Dl MArKets
E Parabolic Troughs w/ Indirect ecord© - Time shift generation to high value
E 2-Tank Molten Salt Storage time of defivery (T0D) periods
L Etabiheg portormant| - High ety ewer moving parts)
¢ - Establi rmance | - reliability (fewer moving parts)
Concentrating Photovoltaics and reliabilty . M’uguulardeugn fo dstibuted or
i utility markefs
« Cost reduction of critical | « Firm capacity for intermediate and
FUWEITM H‘." DI I'Tan‘k Emm I_,r‘];[;ts abil P Fasglls?-?fdtmmﬂg_ hich vaue TOD
« EstaDli reliability and| - Tlime shift generation to high valug
E_ Molten Salt Stora perfnrmamemcurﬂy « Low risk ltgenmlsmrage :
/*’(’ « Cost reduction for critical | - High efficiency of Stirfling engine
Dish Stirling f’ companents -I‘.'Ic_u:_lulardesaPn for distributéd or
,9 ) . Eslan!;shed performance |  utility markets
£ : (51
’ y « Established reliability
Parabolic Troughs w/ record
Mﬂngﬂ' Direct Storage « Development of « Firm capaity in intermediate and base
L ke r advanded hieat transfer load markets
- ¥ fluid/storage materials | - Time shift generation to high value TOD
' y « Development of high « High annual efficienties
S T _,._.;”': . - materials
o, R aTE : bt - T

Source: NREL 2007
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Biofuels R&D

Technology Maturity High ~ KeyDrivers Attributes
New market for grain and High octane gasoline blend stock
aqgriculture products, Large from carbohydrates.
supply of lignocellulose.

New market for excess oils, Petroleum compatible and
fats, and greases. biodegradable.

H2 from Biomass

Lower cost and higher product

Utilize existing assets. High quality jet

quality than FAME. fuel or diesel,
New market for grain and : : .
. Better gasoline blending properties
agriculture products. Large than th anol 9prope
supply of lignocellulose. ’
Integration of biomass with High quality jet fuel or diesel. Reduced

Coal, Coke, Shale, or Heavy Oils.

criteria for sequestration, and economy
of scale (in combination with fossil).

Technical fit with woody
biomass and liquid bio-crude.

Potential to integrate into existing large
scale refinery and pipeline infrastructure,

Potential transportation fuel
from any fuel/power source.

Ideal feed for fuel cells, and lowest tail
pipe emissions.

Lg. source of biomass on
non-arable land, and capture
of (07,

High quality jet fuel or diesel yield per
acre, with both off-shore and on-shore
potential.

Better compatibility with

Potential for higher reaction rates than

Issions
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petroleum products., fermentation, and potential as H2 carrier.
Organizations Leading the R&D
B crainagriciiture [ ] coal ] chemical
. Petroleum . Forestry I:I Academia & Startups
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Achieving the Right Balance:

Technology Investment Pathways

Basic Research Driven

Revolutionary
(10years and beyond)

Industry Driven

Accelerated < Disruptive
Evolutionary, o (3-10years)
SNCYETS)

Source: NREL 2007 ‘3’"?5'— National Renewable Energy Laboratory




It is a matte

& pNREL

Promise of renewable energy is
profound and can be realized if we...

Aggressively.see
economy

Accelerat e
Commltt en
deploymer
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